Objective: With the introduction of direct entry (0þ5) residency programs in addition to the traditional (5þ2) programs, the number of vascular surgery graduates across Canada is expected to increase significantly during the next 5 to 10 years. Society's need for these newly qualified surgeons is unclear. This study evaluated the predicted requirement for vascular surgeons across Canada to 2021. A program director survey was also performed to evaluate program directors' perceptions of the 0þ5 residency program, the expected number of new trainees, and faculty recruitment and retirement. (2) workload analysis. In addition, a 12-question survey was sent to each vascular surgery program director in Canada.
Producing enough physicians to meet a country's health care needs is a topic of constant debate. Simply put, an oversupply of physicians results in physician unemployment, and an undersupply results in longer wait times and substandard care. According to an employment study published in 2013 by the Royal College of Physicians and Surgeons of Canada, 16% of newly qualified specialist and subspecialist physicians were unable to secure full-time employment in 2013. 1 That was more than double the unemployment rate in the general population (7%) in Canada for the corresponding year. 1 Resource-intensive specialties such as surgery and surgical subspecialties, critical care medicine, and gastroenterology were identified as the most affected. One of the contributing factors for unemployment was determined to be the decline in hospital funding despite the increasing health care needs of patients. The issue of tightening job markets also applies to vascular surgery. Traditionally, vascular surgery training in North America required a 2-year fellowship after a 5-year general surgery or cardiac surgery residency (5þ2 training scheme). Integrated direct-entry vascular surgery training programs (0þ5) were first approved by the Accreditation Council for Graduate Medical Education in 2006, and the first programs offering 0þ5 vascular surgery training began in 2007 in the United States and 2012 in Canada. Currently, there are 48 approved residency programs offering 0þ5 vascular surgery training in the United States and 10 programs in Canada. The impetus for diverging from the traditional 5þ2 training program includes the advent of endovascular interventions, continuing subspecialization of general surgery, and shorter more focused training programs to recruit medical students. 4, 5 Since their inception, 0þ5 vascular surgery residency programs have been highly sought after by surgical candidates. 6 Despite the popularity of the 0þ5 vascular surgery residency programs, resident participants in Canada have a negative perception on their future job opportunities. A recently published study showed that 62% of Canadian vascular surgery 0þ5 residents expected to extend their training beyond the mandatory 5 years because of an expected lack of employment. 7 The top three detrimental factors that were identified in the study that residents perceived to be affecting employability were lack of surgeons retiring, a growing surplus of new trainees, and oversaturation of the job market. Interestingly, despite this negative outlook, all 5þ2 trainees who participated in the study went on to obtain vascular surgery employment, implying a disparity between the perception of the job market and reality. A 1998 study by Harris and Provan suggested that a need for vascular surgeons was expected in Canada. 8 Using population and workload analysis, Satiani et al predicted a shortage of 330 and 399 vascular surgeons in the United States by 2030, respectively. 9 To date, there have been no studies evaluating the expected need for vascular surgeons in Canada, particularly since endovascular interventions have become a significant component of a vascular surgeon's practice. The objective of this study was to determine the projected need for vascular surgeons in Canada in the next 5 years using two different projection methods (population and workload analysis models).
METHODS
Data. Data used in this analysis served three purposes: estimation of the future population; estimation of the future number of surgeons in, entering, and leaving the workforce; and estimation of workload in terms of number of procedures. Population estimates were obtained from the Statistics Canada Canadian Socio-economic Analysis models. Two methods, one population based and the other workload based, described by Satiani et al, 9 were used to develop forecasts for the future need for vascular surgeons. Both models create their projections under the assumption that equilibrium exists in a base year, chosen to be 2013. For the population-based model, base-year data for number of practicing surgeons and population were used to calculate the equilibrium number of surgeons required per 100,000 population. Then, population projections were used to forecast future need for surgeons, assuming this parameter would remain constant.
For the workload-based method, a baseline profile of the number of procedures per 100,000 population was calculated. Here, the original workload method was modified to account for differing rates of surgery across age groups using a method discussed by Berger and Mace. 10 This profile was assumed to remain constant, and age-grouped population projections were then used to forecast total numbers of procedures required in future years. Finally, the base-year procedure load per surgeon was calculated (430 procedures/year), assumed to be the equilibrium load in the model, and used to determine the number of surgeons needed on the basis of the procedure forecasts. Both models make use of the same estimates for number of surgeons available. With the base-year number of surgeons known, estimates for entry based on training data, and a fixed rate of retirement assumed, a year-byyear estimate of the number of surgeons available was constructed. A career length of 30 years and uniform distribution of surgeons across career stages having been assumed, the constant retirement rate was calculated as the base-year number of surgeons divided by 30.
Both forecasts of surgeons required were compared with the forecast of surgeons available to obtain yearly predictions for either surplus or deficit.
Several assumptions were made in the design and statistical modeling, which include the following: the number of years in training for vascular surgery would remain unchanged; a vascular surgeon would practice 30 years from board certification; the number of vascular surgeons needed per capita will remain constant; the number of procedures performed per year by a vascular surgeon would remain constant per year; and all procedures were performed by vascular surgeons.
As part of the study, a 12-question survey was e-mailed directly to each vascular surgery program director in Canada (10 in total, representing each training program in Canada). The response rate was 100%, with all survey questions answered by each respondent. The development of the survey questions was based on Kiguchi et al. 11 One aspect of the survey was to determine the program directors' personal views on the skills and competencies of graduating 0þ5 trainees vs 5þ2 trainees since the initiation of the 0þ5 training program in Canada in 2012. Another important aspect of the survey was to determine the estimated intake of new residents/fellows during the next 5 years in Canada, an end point that was used to calculate entry into the workforce in our statistical model.
Statistics analysis. Because we were unable to obtain procedure workload data for Quebec, the province was excluded from this analysis. For the remaining proportion of the Canadian population included in the analysis, it was assumed that the base-year number of available surgeons would be equal in this proportion to the whole. However, no adjustments were made to the numbers of surgeons entering and exiting the workforce. All statistical calculations were done using SAS software version 9.3 (SAS Institute Inc, Cary NC).
Ethics approval. The protocol and informed consent were approved by the Ottawa Health Science Network Research Ethics Board, and all subjects gave informed consent.
RESULTS
According to CANSIM, the Canadian population is expected to grow 10% from 35.2 million in 2013 to 38.5 million in 2021. Our analysis indicates that the rate of growth in the older population is the greatest. Whereas the age group 60þ years is expected to represent only 25% of the population in 2021, the expected growth rate in this cohort is 30% vs 3.4% in the age group younger than 60 years. There was a significant difference between gender in the 60þ age group in 2013 and a projected significant difference in 2021. In 2013, there were 3,461,400 men in the 60þ age group and 3,992,500 women in the 60þ age group, and this is projected to increase to 4,844,900 men 60þ years and 5,413,000 women 60þ years by 2021. This significant difference in gender did not, however, change the estimates when incorporated into the models, probably because the percentage increases from 2013 to 2021 in the 60þ age groups were proportionate between the genders, 40% and 36% for men and women, respectively (data not shown).
From the CIHI database, we were able to determine that excluding Quebec, 72,082 procedures were performed in 2008 and 73,459 in Canada in 2012, representing a 2% increase during this period. All diagnostic procedures, such as arteriography, and procedures performed primarily by other specialties, such as cardiac surgery, orthopedic surgery, and plastic surgery, were excluded from the analysis. The majority of the procedures were performed in Ontario, British Columbia, and Manitoba with 31,835, 16,516, and 8676 procedures in 2012, respectively. The most commonly performed procedures by category were Therapeutic interventions on veins of leg (n ¼ 20,204), Therapeutic interventions on arteries of leg (n ¼ 11,521), and Therapeutic interventions on abdominal arteries (n ¼ 4867). The least commonly performed procedures by category were Therapeutic interventions on the carotid body and carotid sinus (n ¼ 36), Amputation tarsal bones and intertarsal joints (hindfoot, midfoot) (n ¼ 54), and Amputation, ankle joint (n ¼ 60). These procedures were performed by the corresponding number of vascular surgeons outlined in Table I, Two different projection models were used to determine the expected need for vascular surgeons up to the year 2021, a population analysis model and a workload analysis model. According to the population analysis model, there will be an ongoing surplus of vascular surgeons in Canada with a potential excess of 10 surgeons by 2021 when the set number of surgeons is determined for a given population (Table II) . On the other hand, the workload analysis model predicts that there will be a deficit of surgeons each year up to 11 by the year 2021 (Table III) . The likely reason for this disparity is elaborated on in the discussion. Fig 3. As can be appreciated from the graph, there is expected to be a level intake of postgraduate year 1 residents in the 0þ5 programs (approximately 7 to 10 per year) in Canada but a steady decline in the intake of 5þ2 trainees. In answering the question about practice readiness, all program directors think that 0þ5 residents will be ready for independent practice on completion of their training. Despite this, one program director believed that the 0þ5 residents will require additional fellowship training in open surgery and another thought that 0þ5 residents will require additional fellowship training in endovascular surgery. When asked their perception of the surgical skills of the 0þ5 graduates compared with the 5þ2 graduates, the majority thought that 0þ5 graduates would be comparable or inferior in their open surgical skills but comparable or superior in their endovascular skills (Fig 4) . Finally, when asked about recruitment of new faculty, 9 of the 10 programs expect to hire at least one new vascular surgeon in the next 5 years. The increase in the proportion of seniors would be most pronounced between 2013 and 2030, a period during which all members of the baby boom would reach the age of 65 years and older. 13 Our analysis indicates that the rate of growth in the 60þ age group will be 30% during the next 5 years, 10-fold higher than the growth rate in the age group younger than 60 years. The increasing proportion of the elderly population is not unique to Canada. In the United States, the senior population (65þ) is expected to increase from 35 million in 2000 to 70 million in 2030, a 100% increase. 14 Concurrently, there has been an increasing incidence of Some argue that the increasing incidence of peripheral vascular disease-associated comorbidities in addition to the aging population may result in a shortage of vascular surgeons able to care for the potential increased burden of patients with peripheral vascular disease.
14 There are currently 48 U.S. and 10 Canadian programs offering 0þ5 residency training in vascular surgery. Our survey of the Canadian program directors reveals that there will be a substantial decline in training of traditional 5þ2 residents. The survey also indicated that graduating 0þ5 trainees are expected to be well trained and ready for independent practice. Interestingly, the majority of program directors thought that graduating 0þ5 residents will be comparable or superior in their endovascular skills but comparable or inferior in their open surgical skills compared with graduating 5þ2 residents. This perception is not all that surprising because 0þ5 residents are exposed to 5 years of endovascular procedures compared with 2 years with 5þ2 training and 5 years of open surgical procedures compared with 7 years with 5þ2 training. Ninety percent of programs expect to hire at least one vascular surgeon in the next 5 years. It is not well known what the short-term outlook will be for newly qualified vascular surgeons in Canada, particularly with the advent of the 0þ5 training programs and the subsequent increase in trainees since its inception in 2012. Current Canadian vascular residents have a negative outlook on their future employability. Our study aimed to predict requirements for vascular surgeons in Canada up to 2021, when five cohorts of trainees will have completed training. We estimated the need for vascular surgeons during the next 5 years using two different prediction models, a population analysis model and a workload analysis model. The results of these models yielded contrasting results, with the population analysis model predicting a surplus of 10 vascular surgeons and the workload analysis model predicting a deficit of 11 surgeons. We believe that the discrepancy is related to the 60þ age group. This group is the fastest growing demographic as described earlier, but it is relatively small compared with the overall population. In the population analysis, each age group contributes to the final result according to its size relative to the population. The population analysis model accounts for the growth of the older group, but the result is mitigated by the relatively low growth in the larger younger group. The workload analysis model, on the other hand, accounts for both the more rapid growth in the older group and the larger proportion of procedures performed in that group, making it arguably the more accurate model. One of the major limitations of this study was the exclusion of Quebec from the analysis as the CIHI Discharge Abstract Database no longer collects or distributes these procedural data. The relevant procedural data from Quebec are collected in a separate database that has restricted access. We encountered a similar problem with a previous study. 16 In addition, we assumed that vascular surgeons performed all the procedures that were included in the study. The CIHI database does not identify the specific operator for a given procedure, and so it was not possible to discern which specialist performed the procedure. For this reason, procedures typically performed by other specialties were excluded. For example, in Canada and unlike in the United States, carotid artery stenting is most commonly performed by neurointerventional radiologists or neurosurgeons. Similarly, interventions of the ascending aorta or aortic arch, upper extremity amputation, and trauma-related amputations were excluded. In our institute and in most vascular centers in Canada, vascular surgeons perform the majority of peripheral endovascular interventions and endovascular aneurysm repairs. Diagnostic arteriography is performed in a large proportion by interventional radiologists in Canada, and so only therapeutic interventions were included in the study. In Canada, community general surgeons are performing an increasingly smaller number of vascular procedures as there has been a push to centralize vascular surgery to major academic centers. Patients requiring vascular surgery in remote or suburban areas are transferred to central centers specializing in vascular surgery. For these reasons, we think that the majority of procedures used in the model were exclusively performed by vascular surgeons and should not significantly affect the results of the study. Another limitation of the study may be its inability to predict the impact of the growing number of endovascular procedures. An increasingly greater proportion of endovascular procedures in the future may thus affect the predictions of this study. It is one of the reasons that this study was designed to predict the need for vascular surgeons during a short forecast of 5 years as the proportion of endovascular to open procedures would not be expected to change significantly. Also, whereas a given surgeon can perform more endovascular techniques per year compared with an equivalent open procedure, endovascular procedures are arguably less durable and can require repeated interventions on a single patient.
CONCLUSIONS
Predicting the future workforce needs of a surgical specialty is challenging. With regard to vascular surgery, the rapid expansion of the segment of the population older than 65 years and the advent of endovascular procedures are both expected to greatly influence workforce needs. Our study suggests that there will be a need for vascular surgeons during the next 5 years based on workload analysis. Increasing the output of 0þ5 residency training programs to meet this need may seem like the obvious response; however, an increased need does not necessarily correlate with increased jobs. In Canada's publicly funded health care system, government budgets and hospital operative time will ultimately determine whether there will be jobs for newly graduating vascular surgeons. The Canadian Society for Vascular Surgery initiated a national Manpower initiative in 2015 to facilitate future planning of training programs and the specialty as a whole. We hope that the findings of this study combined with the results of the Canadian Society for Vascular Surgery Manpower study will help policy makers allocate resources to meet the health care needs of a rapidly aging Canadian population.
